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ABSTRACT: 

PURPOSE: To utilize a higher harmonic current produced at a current 
converter effectively for electric heating by connecting a tertiary coil of a 
power transformer with a resonance capacitor and a second load coil serially. 

CONSTITUTION: A tertiary coil 20 is applied to each phase of a power 
transformer 12, and its value is selected so that a second resonance capacitor 
21 and a second load coil 23 of its output make a resonance by higher harmonic 
waves. As a result, a resonance current flows through the second load coil 23, 
and a magnetomotive force is produced at the second load coil 23 by this 
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resonance current, so as a subject matter in the load coil 23 is heated, while 
the higher harmonic current is less likely to flow through the primary side of 
the power transformer 12. Troubles of a higher harmonic current are not 
produced on the power source side, and the subject matter can be heated 
effectively by the higher harmonic current supplied to the second load coil. 



COPYRIGHT: (C)1990,JPO&Japio 



4/5/05, EAST Version: 2.0. 1.4 



® B * H 4* »Jr ( J P) ©&ft ttim&M 

®&m&ffr£:m (A) ¥2-117089 

©Int. CI. 5 mSlJIB^- fx 2 ^( 1990) 5R 1 B 

H 05 B 6/10 3 8 1 7103-3K 

F 27 D 11/06 Z 7139-4K 

@# SI 0S63-271454 
©Hi m ^S63(1988)10^26B 

®% W % ^2 n * ^E^±^7fT^IEE^SlTgl7#3^ 

@tb SI A * ffl IE SE *EJffE«H8mm»2T§7#25^ 

©ill 61 A #5££?if*}^&I/?r *ElB*EflJBIKS?SJI|2Ti 1#W 



m m at 

2. 1* & a * <o as a 

» » B B IC ft r . f»K3jfi78E«f0)3/I8C3l 

33a*teirt&ic, sss3S«ita^cm2fl5 
as w m m a » a . 

^<o»»i«5s-/30tt^*fc»osa«i«^w«iBa 
tc n r a . 

( ft * <0 ft Iff ) 
tt * . »ffl«62-'l 2 2 0 8 9 HWKB, 



as 3 a to m < « a a fi a m HtT5«uni) 
a«aa»*qi«a>T>^-(c 

) MicuTlltlCKlb, * 6 ic * a 0 

( £) C«OTRfflaBaiCH»Uft:.«fc % ft ffi u 
Y A/ ( f J ICEPttJUTftlg^lut* U«, ® Hi S 8 

(«inrf«jHj:^ £ * a a n ) 
^fr^iwcoa^aaaaicfi^Ttt. h *b a 

) c «««« * « * /- « , aaaaam 

JB c * * . wO*jUttiE«afcttBftofce»«'p 

»0» «*iEtt» (Hitf 50H2, 60H2) 



-505- 

4/5/05, EAST version: 2.0.1.4 



ftffl ¥2-11708!) (2) 



a 


8 


a m <o 4 y tr 




*f > * K 




t> 




* a <o a a a 


tc 


J: £ CR 'J* 












• 








a w ± sa *> 


A 


(C S * , 






ft 


? 4 ^ T , ?S 


73 


« » tf 1 




'A 




♦8 SUjQ ftfi <0 A: 




JC ^ ^ c 


n ffl v & j; ^ n o fc 


t> 




P * . 








( 




8 £ A? kfc ? & 






) 






R Jfl ti J: a § 


ft 


* a « * 








S b X 0 ft J5 


ft 


€■ 19 /c a 


t . s a* a as is » «- 


<< 


> 


/< - * iC J: -a 


X 


a a a 






A* 




J: 


^ C Ofc 


aSfl«»J!l0A!iKBt: 






X * ffi K 5 ft 




a <b a) a 


ES(C£3£&£(ifi 






M C , & ffi 3 




© t IS w 








& 3B 2 <?> ft 




□ A> £ 


a n c is ** t> x b 9\ 






3 tt . Z <D & 


IS 


ft ft £ J; 


o X»DDIWB*WWI 






1 $ J: ^ C {* 




U fc 6 CD 


X ft 5 • 


( 


ft 


ffl ) 










* 


£ « « ^ SI « 


/J 


S CO S ffl 




T 




ffi 73 <73 » <i ^ 


4+ 


JO. —1 > ^ ^ 
IB -J S IT 


/ v « i; J £ O « w 


* 




03 -r > ^ 


? 


* (22)3t 


yiCa2C0^HDY 


A/ 


( 2 3 J £ C W IC f g 


ft 


U X & Ifi 




IC 








A/ (16) t 




3) 


t 


* fa * p s * 




It T ^ i 


• 






A* b X , ft £ 


<7) 






tz 




e . as a a js 


s 


f 1 2 > CO S 


ffi 2 ft § » (24 ) H % 


n 










^ * tf . m3aa* 


(a 




ft 3 a tc a n 




:a< 


r /l/ ^ - IS I* CO 3 ^ 




IS 


(20)* a 2ft L 


J: 




. «(ca«2<ottifi3 


> 


T 


> *f (21 ® 


W 


* SB 3 a 








s 2 a) a ffi ^ 




* ( 2 3 ) (C 


Jlfi«7j/)«4U«lfl» 




ft 


micros 2 


ft 


ft □ -f ;i/ 


(23)<0 » ttJ X 1» «• m 


a* 


* 


£ t M c . 8ft 


1 


ft PS ^ -r 


n/(ia)t«fiuxtt 




I 












ft 


2 B co $ Ai ft 


ic 


« ^ x » 


^ 73 5 Ift 2 (25) CO ft 




(?) 


ffl jfi U 3M (3 


(C 


m ? m ft 


5 HI S ( 1 1 } £ £ < J5l 


u 


P 


0 , E ti S 




( 26 ) £ ft 


I T tft 13 J, M |A M 


(25) 


C A 73 * ft ^ 


t 


, 




£ => 






ft U X SB 


1 « /|/ < 28 ) tC 


25 6 




1 


m c rf? ^ 











, * <n is * 


iti/X^»fei5, a 2 ft f? 3 -< 


TP 


tc 


& ffit rS ift # 


» n . ffi^lB1B«lC < fe^X3B2^ 




n 


* a> vl & a 


73 * 3t U ^ tt v 6 co T* . SS ft ft □ * 






© a to i » 


* M fft * * - # ♦ WK^^SIS/I 


a 


0) 


- ft a ic u 






ll 




( n a m ) 








3B10IC,fNT«738J}«a(11)W 




a 


a a be s f i 


2)€/HT5lt«H3)J>6A/] 




n 


* s a s a 








(14>& V ¥ 


»3>T>*-(l5J.*aitft4;K 






s % ^ a £ 








2 ^ U 


i?aoh7>*;7 j»(i6j(iB)." 




(A 


^ X ^ 0 . 


? >3iCftiB3 > r > ^ - ( 1 7) fi t/ 




T 


CO ft f5 3 Y 


/u(ta)$i&f$u, iw sa cd ^ i ft ft 






yu ( 1 8 ) ic ft 


v^x»jwi%w/nJBfi?ffl i S'ft^ft 








~77/WacC0?eSRa'/£a (12)1^ 3 


ft 




» (20) * § 




3 


ft 


^ » (20}tC 








a fit a ic 




(6 


/D a & * a a 



4. 







a«H8 (30)CO 3 ft#» C 3 1 ) C 32 ) 


(33)* a fa a ft 


t-s^^c^tiuxniittiftttt* 


<t a tc , ^ a © 


g a (31 )(32)(33)«r.« n ^ n »J ^ 


<0 0 W (34)(3J») 


(3G)^ ftLX3lffl<7)5B2ftffirW 


;U ( 3 7 ) ( 38 ) ( 39 ) 


ic is tt u , secABncf nf 


n m 2 © m a ^ 


V T > - ( 4 U ( 4 2 ) ( A 3 ) & 1/ H y 


^ ^ ( 4 4 ) ( 4 5 ) 


( 4 6 ) * ft S3 O tz h (O V . «S2ft 


Pi □ -f A, ( 3 7 ) ( 3 


8)(39)t a 1 ft H 3 -f (28)t 


ft a u t a » i 


a * /jo t * . 




( 0> m ) 




*«Hc*ntfss!a/f. s©3 


ft ^ fi& (C 3B 2 (0 




t z u n ic is a 


ut, aa&c<*$tti&a&*a 


•»r rc «> . a a a 




, a& 2 ft a ^ < 




» W J ?H * H irt 




tt«8B*fi« 


p**aa^a«. 








aiatt*a«©aaa*^t 


« 51 0 a s , a 



-506- 

4/5/05, EAST Version: 2.0.1.4 



» fill ¥2-117081) (3) 



a attache* is fettttttBTftfe. 

1 1 2 ) »• « S S E S . ( 1 4 ) »• a ft B . (15)- 
? i 3 > f > ^ , 1 1 6 ) - h ? > J? ^ * , (17J 

# fi 3 > r > * , (1B).»J«i^?25=j^A/ > 
I20).«5**». (21)- m 2 <0 8 16 3 > f V * 
I23)"*2®ftff3<r*. (31.32.33)-- 3 ft B 
fiv (37.36. 39 )- B 2 © ft iff 3 -f fl/ , (41.42 
. 4 3 ) .» ft 2 *> ft a 3 > t > V s ( 4 4 , 4 5 . 4 6 ) ••• <f 

> *t o $ . 



tts jw A z a 



* 1 £ 



^6 




# 2 a 



-77 # ! 
-. i \ | 
Hi — / rwrr^J7 



A\ — *rm 




42 




-507- 

4/5/05, EAST version: 2.0.1.4 



04/27/05 09:38 FAX 703 305 1667 



PTO-TC3700 



@009 



PTO 05-3 135 Japanese Kokai Patent Application 

No. Hei2[1990]-1 17089 



ELECTROMAGNETIC INDUCTION HEATING DEVICE 
Tsuneo Watanabe 



UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGTON, D C. APRIL 2005 

TRANSLATED BY THE RALPH MCELROY TRANSLATION COMPANY 



04/27/05 09:38 FAX 703 305 1667 



PTO-TC3700 



@010 



JAPANESE PATENT OFFICE 
PATENT JOURNAL (A) 
KOKAI PATENT APPLICATION NO. HEI 2[1990]-1 17089 



Int. CI. 



Sequence Nos. for Office Use: 

Filing No.: 
Filing Date. 
Publication Date: 
No. of Claims: 
Examination Request: 



H05B 6/10 
F27D 11/06 

7103-3K 
7139-4K 

Sho 63[1988]-271454 
October 26, 1988 
May 1, 1990 
1 (Total of 3 pages) 
Not requested 
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Claim 

1 . An electromagnetic induction heating device characterized in that in an electromagnetic 
induction heating device in which after a DC current is obtained by rectifying an AC power 
supply, said DC current is converted into a high-frequency current using an inverter and resonated 
using a load coil, a transformer provided on the side of the aforementioned DC power is provided 
with a third coil, a second resonant capacitor and a second load coil are connected in series with 
said third coil to generate series resonance, and secondary heating is applied to a workpiece using 
said resonance current. 
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Detailed ex planation of the invention 
Industrial application field 

The present invention pertains to an electromagnetic induction heating device used to heat 
a workpiece, for example, a metal rod for forging, using a high-frequency [wave]. 

Prior art 

As shown in Figure 3, Japanese Kokai Patent Application No. Sho 62[ 1987]- 122089 
discloses that after an AC current input to a triphase power supply (A) is rectified by a triphase 
foil-wave rectifier (B) via a power transformer (Z), and said rectified current is smoothened and 
converted into a DC current by a smoothing capacitor (C) and converted into a high-frequency 
current by an inverter element created by connecting many transistors (D), (D), .. in series and a 
resonant capacitor (E) serving as a balancer, it is applied to a load coil (f) to make it resonate in 
order to heat a workpiece as a magnetic material inside of the load coil (f) by means of an 
electromagnetic induction function. 

Problem to be solved by the invention 

However, in the aforementioned power-conversion device, because a charging current is 
applied to the capacitor (C) during the rectification function in order to obtain the DC current 
from the AC current input from the triphase AC power supply (A), line current of each line on the 
secondary side of the power transformer (Z) usually takes a distorted waveform as shown in 
Figure 4. Said waveform is different from a sine wave in that many frequencies are superposed on 
a base sine wave (for example, 50 Hz, 60 Hz). As such, when a high-frequency current, flows into 
each line of the triphase power supply (A), there is the risk that the voltage drops due to the 
impedance of the power supply system, that is, a power supply problem due to a minute change 
caused by the high frequency of the voltage. In the light of the aforementioned point, in the 
present invention, a high-frequency current is utilized for effective electric heating instead of 
letting the high-frequency current flow to the power supply's side. 

Means to solve the problem 

In order to achieve the aforementioned purpose, the present invention is configured such 
that in an electromagnetic induction heating device in which after a DC current is obtained by 
rectifying an AC power supply, said DC current is converted into a high-frequency current using 
an inverter and resonated using a load coil, a transformer provided on the side of the 
aforementioned DC power is provided with a third coil, a second resonant capacitor and a second 
load coil are connected in series with said third coil to generate series resonance, and secondary 
heating is applied to a workpiece using said resonance current. 
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Function 

In the present invention, because the third coil is provided for each phase of the power 
transformer, and its value is selected such that the second resonant capacitor and the second load 
coil serving as its output is resonated by a higher harmonic wave, a magnetomotive force is 
generated at the second load coil by said resonance current as the resonance current flows into the 
second load coil, the workpiece inside of said load coil is heated, and it is made unlikely for the 
higher harmonic current to flow to the primary side of the aforementioned power transformer at 
the same time. 

Application examples 

The power transformer (1 1) shown in Figure 1 is equipped with a rectifier (14) which 
rectifies an AC current input from a triphase power supply (13) via a power transformer (12) in 
order to convert it into a DC current and a smoothing capacitor (15) along with many transistors 
(16), (16), . . . serving as an inverter element for converting a DC current into a high-frequency 
current; and a resonant capacitor (17) and a first load coil (18) are connected to it in order to heat 
a workpiece at the aforementioned first load coil (18). 

On the other hand, a tertiary coil (20) is wound around the power transformer (12) so as 
to establish a delta connection, and one end of the delta connection of the tertiary coil (20) is 
opened up; a second resonant capacitor (21), an inductor (22) for adjusting the resonance 
frequency, and a second load coil (23) are connected in series so as to configure a resonant circuit 
at said opened part; and the first load coil (18) and the second load coil (23) are wound coaxialty. 

As such, when me aforementioned electromagnetic inductance heating 
while a current which flows in a secondary voltage-transformation coil (24) of the power 
transformer (12) contains a higher harmonic wave, a third higher harmonic wave tries to circulate 
in the delta-connected tertiary coil (20) without flowing into the primary coil. In particular, 
because a third higher harmonic current flows in the second resonant capacitor (21), a. 
magnetomotive force is generated at the second load coil (23) so as to heat the workpiece at the 
second load coil (23) using the electromagnetic induction function in addition to the heating of the 
workpiece at the first load coil (18), 

In the case of the application example shown in Figure 2, internal structure of its power 
transformer (25) is exactly the same as that of the power transformer (11) shown in Figure 1 The 
point that when an input is made to the aforementioned power transformer (25) via a triphase 
power supply (26), the converted higher harmonic current is supplied to a first load coil (28) via a 
resonant capacitor (27) is identical to that already explained in reference to Figure 1. The present 
application example is different from Figure 1 in that tertiary coils (31), (32), and (33) of a power 
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transformer (30) are connected open-ended to the respective phases independently while they are 
insulated from each other; the coils (31), (32), and (33) of the respective phases are connected to 
three second-load coils (37), (38), and (39) via separate circuits (34), (35), and (36); and the 
circuits are provided with second resonant capacitors (41), (42), and (43) and inductors (44) 
(45), and (46), respectively; whereby, the respective second load coils (37), (38), and (39) and the 
first load coil (28) work together to heat the workpiece. 

Effect 

Because the second resonant capacitor and the second load coil are connected m senes 
with the tertiary coil of the power transformer so as to let the resonance current generated by the 
higher harmonic wave flow, the present invention offers an effect that an electromagnetic 
induction heating device capable of heating a workpiece effectively using a higher harmonic 
supplied to its second load coil, without causing any problems related to the higher harmonic 
wave, occurs on its power supply's side. 

Brief des cri ption of the figures 

Figure 1 is an electrical circuit diagram showing an application example of the present 
invention. Figure 2 is a diagram for explaining another application example. Figure 3 is an 
electrical circuit diagram of a power transformer used as a conventional inductance heating 
device. Figure 4 is a diagram for explaining phenomena which take place in the figure given 
above. 

12 Power transformer 

14 Rectifier 

1 5 Smoothing capacitor 

16 Transistor 

17 Resonant capacitor 

18 First load coil 

20 Tertiary coil 

2 1 Second resonant capacitor 
23 Second load coil 
31,32,33 Tertiary coil 

37, 38, 39 Second load coil 

41, 42, 43 Second resonant capacitor 

44, 45, 46 Inductor 
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Figure 4 
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